Introduction
The European commitment to curb greenhouse gas (GHG) emissions and the phasing out of nuclear technology, in 2022 for Germany and 2034 for Switzerland, pose in the long term an important challenge to the electricity production and distribution system. Renewable energy sources, in particular wind and solar, will be tapped. Their intermittent production will have to be associated with temporary storage of electricity to facilitate the supply-demand equilibrium. Electric cars, if they penetrate strongly the market, will provide a storage facility, provided a smart grid development takes also place to permit a two-way communication between the electricity distributor and the car battery manager (Acha, Green, and Shah, 2010a; Galus and Andersson, 2008) . One thus envisions a good complementarity between wind or solar electricity production and electric cars. Smart grid technologies may also induce a new form of coupling between the gas and the electricity grids (Acha, Green, and Shah, 2010b; Streckiene et al., 2009) . The availability of small combined heat power (CHP) production units, with a capacity to store the heat energy for a deferred usage can foster the efficient use of natural gas for both residential heat and electricity generation (Galus and Andersson, 2008; Marnay et al., 2008) . The electricity production system will evolve toward more decentralization, with two-way communication channels permitting the coordination and optimization of the actions of myriad of agents involved in local consumption and production. This intelligent distribution system will also improve the system services like, e.g., peak-load or demand management (Shin-ichi, 2010) .
The assessment of the future role of these renewable technologies in association with smart grid technologies can be made at a regional level, corresponding to the size of a local distribution grid. In Switzerland this corresponds to a cantonal or sub-cantonal level. In this paper we propose to represent smart grid technologies as well as intermittent electricity production into the energy-technology-environment model ETEM that is adapted for modeling energy systems at a regional level. The resulting model is applied to a case study, roughly calibrated on the Geneva cantonal data, to assess the future of renewable and smart grid technologies. To take into account some of the uncertainties on smart grids development, we complement our study with stochastic considerations on availability of green electricity imports (contingent, e.g., to the development of DESERTEC) and electric car technologies.
The paper is organized as follows: in Section 2 we present the general structure of ETEM; in Section 3 we detail the representation of renewable and smart grid technologies that are included in the technology choices of the model; in Section 4 we show the calibration of the model to the general situation of the canton of Geneva and we compare the energy system evolutions in three contrasted scenarios; in Section 5 we introduce long term uncertainty on the availability of "green electricity" imports at peak load time-slices and we observe the option value of the smart grid technologies; finally, in Section 6 we conclude by showing the necessary model developments to represent all the possible smart grid developments in the Geneva area and other regions in Switzerland.
1 For more information, see the reference manual (Drouet and Thénié, 2009 ) available on the web site www.ordecsys.com. 2 Please visit the web site www.ordecsys.com.
ETEM

A Member of the MARKAL-TIMES Family of Models
ETEM, for Energy-Technology-Environment Model 1 , is a regional bottom-up model that has been designed for modeling energy systems at a regional level. ETEM is a bottom-up model that gives a representation of the energy and technology choices that could best deliver the needed energy services in a given region. The ETEM model rationale is to supply energy services at minimum global cost, over a planning horizon, typically of 45-50 years, permitting one to envision major changes in the technology portfolio. The total discounted cost, which is the objective function to be minimized, includes investment, operating cost and energy imports and exports. A salvage value takes into account the end-of-planning horizon valuation of the remaining technology capacities. The regional scope of ETEM makes it particularly well-suited to model and analyze renewable and smart grid technologies, which are necessarily connected to a regional distribution grid.
ETEM belongs to the family of MARKAL and TIMES models (Berger et al.,1990; Loulou, Kanudia, and Lavigne, 1996) . It is implemented in a versatile modeling language (GNU MathProg Language (GMPL), a free subset of AMPL (Fourer, Gay, and Kernighan, 1993) ). The model has been developed on the basis of the Geneva case study, the complete code of this instance of the model is available on the internet 2 . MARKAL-like models for urban regions have been developed in Sweden (Sundberg, Gipperth, and Wene, 1994; Wene and Rydén, 1988) for the city of Götteborg, in the US (Hill, 1996) for the city of New York, and in Switzerland where a model has been developed to analyze the energy/environment policies in the canton of Geneva (Fragnière, 1995) . Generally, the environmental problems taken into account have been mostly the emissions of atmospheric pollutants like NO 2 , SO 2 and the emission of greenhouse gases (GHG), in particular CO 2 . A coupling of the MARKAL-LITE energy model (an early version of ETEM) and of an air-quality simulation model has been realized (Carlson et al., 2004) , and an analysis of the possible penetration of fuel cell cars in the energy system has been proposed (Caratti et al., 2003) ; in this application the idle hydrogen fuel cell cars were used as producers of electricity at time of peak load, in a GHG emissions constrained scenario for an energy system corresponding to the Geneva canton. A version of ETEM for Luxembourg has been developed and a coupling with an air pollution model has been realized (Zachary et al., 2011) . Another open-source energy model, OSeMOSYS, similar to MARKAL and also programmed in GMPL has been recently announced by a group of prominent energy modelers (see Howells et al., 2011) ; the originality in this model is essentially the possibility to run it with free access open-source software, thus reducing the upfront cost of a modeling exercise. The introduction of the open-source model OSeMOSYS confirms the value of the options taken when developing ETEM.
An ETEM model has the following attractive features:
-flexible representation of an energy system, exploiting geographical data; -fast techno-economic database building through a new web based interface; -linkage ability with macro-economic or environmental simulation models; -modularity and capacity to accept easily new features, like new equations to describe constraints at a local level, transmission and grid related constraints, nonlinear optimization, stochastic optimization, etc.
The Reference Energy System
ETEM is driven by projections of useful (energy services) demands, for different economic sectors, over a time horizon ranging between 25 and 100 years. These projections are determined by a set of drivers concerning, e.g., the demographic or GDP growth. The model represents the investment in existing and new technologies and the associated commodity flows, including energy flows and pollutant emissions, necessary to satisfy the demands at a minimum total discounted system cost, i.e., a cost including the investment, maintenance and operation costs, discounted over the whole planning horizon at fixed rate of 3%. The Reference energy system (RES) summarizes this ensemble of technologies regrouped in different categories. Conversion technologies produce electricity and low temperature heat, two forms of energy that are not easily storable. The load curve, which describes the evolution of electricity demand over different times during a year is approximated by a series of time-slices. For the moment, as it was the case for MARKAL models, we consider six (6) time-slices, which are: Summer-Day; Summer-Night, Intermediate-Day; Intermediate-Night, Winter-Day; Winter-Night. For low temperature heat, used in residential and commercial heating, a simpler load curve is considered. In addition, peak load reserve constraints can be introduced to impose that the energy system keeps enough capacity to face peak-load demand. 
Conversion / Transformation
End use technologies
End use services
The main difference between a national or multi-national model, like TIMES, and a regional model like ETEM is in the emphasis given in the latter to the representation of demand technologies for residential and commercial heat, sanitary water, transportation (public and private) and captive electricity usages, whereas energy uses in industry, refineries and nuclear plants are not considered in full details. ETEM contains a detailed description of the distribution of electricity, natural gas and heat through networks. It can also give an accurate representation of the potential of renewable energy for decentralized electricity or heat production.
A few more details concerning the main equations of the model are given in the Annex. It suffices to say, for the moment, that ETEM is a linear programming model. It is very efficient for the description of economic activities that satisfy the diminishing marginal return paradigm, which corresponds to the use of convex cost functions or concave production functions. It permits also the modeling of increasing marginal returns, or concave cost function, through the introduction of mixed-integer programming optimization techniques.
Representation of Smart Grid Technologies
Smart grids allow smart energy management through the use of technologies with two-way communication abilities that are acting as consumption, storage or production units, depending on the location and time-slice of the load curve. The temporary electricity storage activity is currently performed by hydroelectric pumped-storage facilities. The announced penetration of electric or plug-in hybrid electric cars and of small gas fuel-cell with heat storage etc. will permit a further extension of the temporary storage activity provided a smart-grid environment exists. We describe below how we have represented in the model some of the demand technologies, for transport, residential and commercial heating and for renewable electricity production that can be linked together through a smart grid.
Representation of Temporary Storage
A temporary storage unit can store a commodity at some time-slices and deliver the same commodity, with some loss due to the storage, at another time-slice. A commodity, like electricity or heat is temporarily stored either for technical reasons (e.g, because the production is intermittent) or because of attractive (implicit) price differences between two different times in a day. We show now how to represent these activities of temporary storage in ETEM.
We need to distinguish the demand technology from its storage capacity, when this capacity exists. So we create a commodity of storage between the demand technology and its storage unit. For example, the technology electric car is decomposed between the technology car and the technology battery. We distinguish the commodities electricity, electricity for storage, electricity for transport and represent their flows at different time-slices. We can then represent the use of batteries to provide the transportation service and also to contribute to the electricity system service, in particular to satisfy peak load demand. We show below how this technology is represented in the RES.
Electric Vehicle
We assume in this study that electric vehicles with their batteries can contribute to peak load reserve requirements in all time-slices; they also allow storage of electricity produced during low demand time-slice and to be used during the time-slice of highest demand. The techno-economic parameters of the electric vehicle have been defined in accordance with Kempton and Tomić, 2005 . To model electric vehicle in ETEM, we adopt the approach illustrated in Figure 2 . As indicated before, we decompose the electric vehicle technology into two separated technologies, i.e., vehicle and battery, with the constraint that the number of batteries is lower than three times the number of vehicles (some variations on this constraint will be discussed later). The input of both technologies is electricity while the outputs are different: vehicles produce a service of car tranport (measured in 1000 kilometer vehicles per day) while batteries give an energy form: electricity (in PJ). The technology battery has a positive contribution to peak-load reserve constraints.
For the moment, we consider the option where the batteries are part of the car and loaded at home or in a parking. We consider that an electric car is equipped with a battery of 60kW corresponding to 80HP. The modeling of electric cars within ETEM relies on technological assumptions (as outlined below), where conservative parameter values are chosen, so that attractiveness of electric cars can not be overestimated. For batteries, we use an initial cost of 1700 CHF/kWh (in 2010) slowly going down to 250 CHF/kWh in 2030, which corresponds roughly to ETSAP/IEA data. The cost of a typical electric car in ETEM is about 30,000 CHF in 2020 (excluding the price of batteries which is about 8,000 CHF). The car efficiency is taken from the average value in ETSAP data, i.e. 0.7MJ/ km. We assume that 5% of batteries are available for storage or release, and that the quantity of energy in a fully charged battery is equal to 100 MJ (27kWh). Typically 30km of travel in one day requires 20 MJ, so 80 MJ are available during the day for a release to the electric grid. In forthcoming implementations other options will be explored, for instance the option where an empty battery is replaced by a recharged one at a service station containing a lot of batteries that could also be used for temporary storage.
Photovoltaic Units
The representation of photovoltaic (PV) units is given in Figure 3 . We assume here that all produced electricity is used directly for demand satisfaction and so PV units are not connected to storage technologies. The intermittent production is considered, with an availability of 10% in winter-day, 40% in summerday and 20% in intermediate-day while the availability of PV units is fixed at 0 during night time-slices. The life time of a PV is fixed at 30 years, and 25% of the capacity can contribute to the peak of consumption during the day. The cost of PV panels corresponds to a price of 0.17 CHF/kWh.
Wind Mills
The representation of winds mills is given in Figure 4 . The overall energy conversion efficiency is taken as 40%. The intermittent production is considered, with an availability of 30% over a year. The life time of a wind mill is fixed at 25 years. The electricity produced by wind mills has a cost of 0.025 CHF/kWh. 
Decentralized Combined Heat Power Production
Among the new technologies that could link residential or commercial heating systems with smart grids, we have retained the small gas powered fuel cell combined heat power (CHP) with temporary storage of heat. These decentralized units (like e.g. those based on SOFC fuell-cells) can produce electricity during time-slices of high demand and store the heat for use during the rest of the day. They are considered as promising contributors to a rationalization of both electric and gas grids (Acha, Green, and Shah, 2010b; Streckiene et al., 2009) . Within ETEM, the cost of such production unit is taken as 1,000 Millions of CHF per GW starting from 2015, with a maximum of 35% of electricity (and a minimum of 65% of heat). We base our cost evaluation on Huang, Zhang, and Jiang (2006), Brown, Hendry, and Harborne (2007) , Neef (2009) , and Hawkes and Leach (2007) . We expect prices to drop by 2015 (see e.g. http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/systems.html).
As well, data coming from manufacturers when available (Panasonic, CERES power) and from large-scale tests in Japan are used. 
Geothermal Units
Geothermal units could be used also for CHP production with storage of heat. However, in this modeling exercise we only kept the technology using low depth heat, which only produces residential or commercial heat. Within ETEM, the cost of geothermal unit is equal to 1,200 CHF/GW 3 . This simple geothermal unit is a decentralized renewable technology, which will not benefit from a two-way communication system and will not contribute to the electricity system service.
Scenario Analysis
Application to Geneva
In this section we develop an example of the use of ETEM to analyze a long term evolution scenario for the energy system of an urban region of size and characteristics similar to Geneva. Although we tried to replicate as much as possible the current features of the Geneva energy production, import and consumption system, this scenario analysis should not be considered as an indication of any official energy plan. The purpose of this analysis is uniquely exploratory and, as discussed in the conclusion, much more has to be added to the model to fully grasp the constraints and opportunities associated with smart-grid developments. We detail in the next subsections some important data 4 . Table 1 summarizes the assumptions on useful demands. We assume the typical building and housing replacement rate of 1% generally accepted in European cities. Except for transportation, we represent the demand for energy services by the amount of energy used during a year. The demands of transport are represented in 1000s vehicle km per day. In order to project the demand evolution 5 over the time horizon of 2045 we use two drivers: (i) a GDP driver assumed to be growing at 2% per year (for industrial and commercial electricity and commercial heat); (ii) a demographic driver assumed to be growing at 1% per year (for remaining demands). The population of the region considered is 460,000 in 2010.
Useful Demand and Imported Energy Price Projections 4.2.1 Demands
Energy Prices
The second set of important drivers of the model concerns the evolution of energy prices. For end-use prices in 2005 and 2010, we use IEA (2011a) valid for Switzerland including taxes. On top of that, we use projections for fossil fuels that are consistent with those proposed by IEA (2011b). Figures 7-8 summarize these assumptions. The prices are given in million-CHF per PJ (Mfr/PJ). For electricity we distinguish two price levels, a high one during day time-slices (from 50 MCHF/PJ in 2010 to 95 MCHF/PJ in 2045) and a lower one during night time-slices (from 26 MCHF/PJ in 2010 to 52 MCHF/PJ in 2045). These price schedules include taxes and are consistent with those proposed in the companion paper (Weidmann, Kannan, and Turton, 2012 , which analyses the electricity sector in Switzerland.
Residual Capacities and Calibration on Year 2010 4.3.1 Identification of Residual Capacities
The model takes into account the technologies that are already installed and their remaining life time, based on assumptions on average technologies efficiencies 6 and cantonal data available for the Geneva Canton OFSTAT-GE (2005 -2010 . Tables 2-4 provide a description of the main technology choices that are currently made in this region to produce electricity and heat and to satisfy the useful demands. We make the distinction between existing and new buildings. The term "new" means all buildings constructed since 1995. 
Calibration in 2010
From the residual capacities of current technologies and their technical coefficients describing input and output of commodities, we can compute the share of different energy forms in the primary energy balance, the use of different energy forms by end-use sectors and the energy imports (see Figures 9-11 ). These figures show that the model is correctly calibrated on the situation prevailing in the canton of Geneva in 2010. 
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Assessing New Technology Impacts on Three Contrasted Scenarios
In this subsection, we compare the energy system evolutions of the Geneva canton on three contrasted scenarios and we highlight the role of renewable and smartgrid technologies in those evolutions.
CO 2 Emission Targets
The three scenarios differ by their CO 2 emission targets and the limit imposed on electricity imports. The BAU scenario has no limitation on GHG emissions and no restriction concerning electricity imports. The Factor-4 scenario aims at a reduction by 4 of the current emission levels (2 Mt CO 2 ). The objective is thus to decrease to 0.4 Mt CO 2 in 2045. The Regulation scenario aims at limiting the electricity imports at 15 PJ/Year (corresponding roughly to 50% of the electricity imports in scenario Factor-4) and reducing the GHG emissions to 1.25 Mt CO 2 . These three targets are represented in Figure 12 . 
BAU Scenario
In the Business as usual (BAU) scenario, GHG emission reaches a value close to 2.7 MtC/Y of CO 2 in 2040. This is explained partly by the stable contribution of oil (to be used mainly in transport) and the strong penetration of gas in the primary energy balance, as shown in Figure 13 . Among renewable technologies, wind mills penetrate strongly to reach the imposed limit of 0.5 GW of installed capacity in 2035. The 0.5 GW limit corresponds to the current estimate of the region potential for wind technology development. However storage facilities are not installed, since electric cars do not penetrate, except in the very last period (2045). Small gas fuell cell CHP decentralized units with storage penetrate in the new building sector. Wind is the largest part of renewables (excepted hydro) in the primary balance. Two factors can explain the strong contribution of wind. First, the availability factor (i.e. equivalent percentage of full usage days), which is set to 30% and the conversion efficiency, which is set to 40% (this includes efficiencies of conversion of wind energy into mechanical energy and the efficiency of electric generation).
In the end-use sectors, consumption of electricity is maintained. Diesel car becomes the privileged choice for private transport and gas heating prevails in residential and commercial sectors.
In summary, a BAU scenario shows the competitiveness of wind for electricity production, a strong penetration of natural gas for space heating (replacing fuel oil), and the continuous use of oil for transportation, in more efficient gasoline cars. The high cost of electricity facilitates the penetration of small CHP units in existing and new buildings.
Factor-4 Scenario: Strong Abatement for (CO 2 ) Emissions
When we restrict severely the GHG emissions, electric cars penetrate strongly from year 2020 on and replace totally the diesel cars in 2030 (see Table 8 ). The use of batteries to store energy is developing at the same time as electric cars penetrate the private transport sector. Table 9 illustrates the use of batteries during winter for the time period 2040-2044. During the night, electricity is stored (more than 80% of the consumption) and used during the day for transport but also injected in the electricity network. This allows the system to take advantage of low price of electricity during night. A similar storage, from night to day, is observed for each season. Wind mills and solar PV units penetrate and reach their capacity limit of 500 MW in 2035 (Table 10 ). The end-use energy balance shows the progress of electricity consumption ( Figure 16 ). This electricity is mostly obtained by increasing the electricity imports, which is considered carbon neutral in this scenario (Figure 17 ). In summary, the factor 4 scenario maximizes the penetration of electricity, using intensively wind, solar and import sources. Electric cars penetrate and contribute importantly to a leveling of demand through a storage activity from night to day.
Regulation Scenario: Limits on Electricity Imports and CO 2 Emissions
In this scenario we recognize that the decrease in GHG emissions should not be obtained by a large increase in electricity imports, since only a part of these imports is made of "green" electricity. Therefore we limit the imports to 15 PJ/Y, whereas we limit the long term GHG emissions to 1.75 Mt CO 2 . Notice that As shown in Table 11 the electric car tends to be the major technology used for private transport near the end of the time horizon although it only slowly replaces totally the diesel car usage. This behavior is the consequence of both the mitigation goal and the bounding of imports. To produce more efficiently, one imports electricity during night at low price and distributes the electricity during the day as shown in Table 12 . In Figure 18 we can observe that the use of electricity remains moderate in the end-use sectors, whereas natural gas replaces totally oil for space heating. This is also shown in the energy imports (Figure 19 ). In the space heating sector, the small CHP units penetrate again in 2015, as shown in Table 13 . As a conclusion, imposing the constraints of limited CO2 emissions and limited electricity imports in the same time forces the penetration of local electricity production (wind, solar), efficient heating solutions (CHP) and electric mobility. With respect to the scenario with emissions constraints only, this regulation case favors the co-existence of different technologies, in particular for heat production.
Stochastic Analysis
We complement our analysis with a stochastic programming approach based on two uncertain key parameters, (i) the price of electricity imports and (ii) the penetration of electric cars, under the regulation scenario assumptions for other parameters: we consider a constraint on the emissions of 1.75 Mt of CO 2 equivalent for all periods, and the import of electricity is bounded to 15 PJ per year.
Uncertain Parameters and Stochastic Formulation
We focus our stochastic analysis on the import price of electricity and the penetration of electric cars. The first parameter is particularly crucial, because the recent decisions on nuclear production taken by several countries will probably lead to an increase of the price of electricity during high demand periods. The programmed closure of the nuclear power plants in 2022 for Germany and in 2034 for Switzerland will modify the electricity imports of these countries and thus affect significantly electricity prices at the european level. To take into consideration the uncertainty related to the forthcoming electricity price, we consider a second scenario in which the electricity price in day time-slices grows twice faster from 2025 compared to the first one. We noticed in the previous climate policies that the key technology contributing to the emission reduction is the electric car. This technology penetrates Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 7 available for free on http://apps.ordecsys.com/det2sto 8 The deterministic program must be formulated in the GMPL algebraic modeling language (an open source subset of AMPL), and must comply with few conventions. DET2STO automates the formulation of this program via a set of model construction and transformation rules.
strongly and ultimately satisfies all or almost all the private transport needs in the Factor-4 or Regulation scenarios. In the stochastic study, we consider two alternative scenarios. In the first one the penetration of electric vehicles is not limited whereas, in the second scenario, electric cars are limited to 25% of the market size observed in the Regulation scenario in 2045. This constraint would represent, e.g., the exogenous effect of non-acceptability of the population due to the fact that an electric car has too low an autonomy. Combining the uncertainty on the two parameters we end up with a stochastic event tree with four scenarios (from SC1 to SC4) that are represented in Figure 20 . To generate the stochastic formulation we use the DET2STO 7 tool (Dubois, Thénié and Vial, 2005; Thénié, van Delft, and Vial, 2007) . This software automatically formulates a stochastic version of a dynamic deterministic linear program when the uncertainty is described by a simple event tree. We emphasize the fact that in the stochastic programming approach the decision taken for the periods 2010-2025 will be common to all four scenarios, since there is no possibility of anticipating the realization of the events characterizing the periods 2030-2050. This is the main advantage of this approach over a simple analysis of the different scenarios. It corresponds to the actual situation of a decision maker, which could be summarized by "act and learn''.
Analysis of Stochastic Scenarios
In 2020, the electric vehicles penetrate for all scenarios at a moderate level, which corresponds roughly to the bound imposed for the electrical vehicle fleet in scenarios 2 and 4. In scenarios 1 and 3, electric vehicles are used very intensively after 2030. It appears that the main driver of the stochastic analysis is the availibility of electric cars, the higher price of electricity having a relatively small impact on electric car penetration ( Figure 21 ) and electricity imports ( Figure 22 ). In Scenario 4, the number of electric cars is restricted and one must invest in other clean technologies to satisfy the emission constraints and consume the stored electricity. Therefore we observe a penetration of electric heat and hot water technologies for houses and buildings. As expected, the constraint on emissions is active for all scenarios. 
Conclusion
In this paper we have shown how to represent renewable and smart grid technologies in a techno-economic model tailored for regional analysis of energy & environment policies. The new technologies considered include electric cars with battery storage and decentralized gas fuel cell CHP units with heat storage. Renewables include wind mills and PV units that can be used to charge electric cars batteries in a smart grid environment. The smart grid allows an optimal use of the charge and discharge periods of the storage units, taking into consideration the relative implicit price of commodities at different time-slices in the load curve. These storage technologies are also available for the peak-load reserve needs. A model has been proposed, for an energy system that corresponds roughly to the Geneva canton electricity and gas grids. In these simulations it appears that these technologies may play an important role in the development of a sustainable energy system, when one limits the global amount of imported electricity as well as the quantity of CO 2 emitted in the canton at the horizon 2045. A stochastic programming analysis of multiple scenarios with a possibly high price of imported electricity during high demand time-slices shows that these technologies can be used to exploit the big price difference between electricity imports during the night or during the day.
This modeling exercise is only a first step in the direction of a comprehensive analysis of the potential penetration of renewable technologies in a distribution network in Switzerland, which should evolve toward becoming a smart-grid to permit two-way communication between distributors, producers and consumers. Further model developments are needed to integrate a geographical analysis of the capacity limit (upper bound on installed capacities) for solar, wind, and decentralized CHP technologies. In order to properly assess these renewable and smart grid technologies, a more precise representations of the load curve and of transmission and control technologies will be needed. Also the portfolio of technologies has to be enlarged with a greater variety of storage technologies, including the pumped storage facilities that are installed in Switzerland and shared by several distributors. A better description of the anticipated investment, operation and maintenance cost is also needed. A more detailed stochastic programming analysis, taking into account the possible delays in penetration of the more advanced technologies should be performed. Finally a description of the necessary investment in information and communication technologies (ICT) necessary to support a smart grid development should be added to the model.
Annex 1: Investment Cost Assumptions
In Table 14 we report the investment costs for the different space heating technologies considered in the model.
In Table 15 we report the assumed investment costs for the new space heating technologies considered in the model.
In Table 16 we report the investment costs 9 for the transport technologies considered in the model.
In Table 17 we report the investment costs for the conversion technologies considered in the model. This is complemented by Table 18 where we report our assumptions for investment cost in some smart-grid related technologies. 
Annex 2: Main Equations of the Model
We give here a description in the modeling language code of the most important equations of ETEM.
The objective function is the function that is minimized. It represents the total discounted cost of the energy system over the horizon. It is the sum of the total discounted investment cost, the total discounted fixed cost and the total discounted variable cost minus the total discounted salvage value.
minimize OBJECTIVE : VAR_OBJINV + VAR_OBJFIX + VAR_OBJVAR -VAR_OBJSAL;
The EQ_OBJINV equation computes the total discounted investment cost. Technologies investment costs are directly linked to the new capacity of the period. There is no delay between the time when the decision is taken and the time when the technology is installed. The technology life duration must be equal or longer than the duration of the installation period. The EQ_OBJSAL equation computes the total discounted salvage value that represents the value that should be assigned to the processes still available at the end of the planning horizon (e.g. when their technical lives exceed the model's horizon). By omitting this value, too many investments would occur near to the termination of time horizon (end-of-period effect). The EQ_COMBAL equation defines the balance equation of a commodity. It ensures that, at any time-slices, the supply of the commodity (by importation or production) is equal or greater than the delivery of the commodity (exportation, consumption or demand). The EQ_CAPACT equation defines the relation between activity and total installed capacity of a process and ensures that the activity is less than the theoretic upper bound on activity defined by the capacity installed. The EQ_PTRANS equation defines a relation between an input flow and an output flow of a process, taking into account the efficiency of the energy transformation through the process. The EQ_PEAK equation defines the balance equation of a commodity at peak time. It ensures that the installed capacity is enough to meet the highest demand in any time-slice, taking into account a reserve margin and adjustments in the average production. The Capacity transfer equations describe the relationship between the life of technologies, investments made, capacities available prior to the planning period and finally capacities installed. These constraints provide the dynamical structure to the model. 
